Background and aims-Assessing the presence and degree of intestinal inflammation objectively, simply, and reliably is a significant problem in gastroenterology. We assessed faecal excretion of calprotectin, a stable neutrophil specific marker, as an index of intestinal inflammation and its potential use as a screening test to discriminate between patients with Crohn's disease and those with irritable bowel syndrome. Methods-The validity of faecal calprotectin as a marker of intestinal inflammation was assessed in 22 patients with Crohn's disease (35 studies) by comparing faecal excretions and concentrations using four day faecal excretion of 111 indium white cells. A cross sectional study assessed the sensitivity of faecal calprotectin concentration for the detection of established Crohn's disease (n=116). A prospective study assessed the value of faecal calprotectin in discriminating between patients with Crohn's disease and irritable bowel syndrome in 220 patients referred to a gastroenterology clinic. Results-Four day faecal excretion of 111 indium (median 8.7%; 95% confidence interval (CI) 7-17%; normal <1.0%) correlated significantly (p<0.0001) with daily (median ranged from 39 to 47 mg; normal <3 mg; r=0.76-0.82) and four day faecal calprotectin excretion (median 101 mg; 95% CI 45-168 mg; normal <11 mg; r=0.80) and single stool calprotectin concentrations (median 118 mg/l; 95% CI 36-175 mg/l; normal <10 mg/l; r=0.70) in patients with Crohn's disease. The cross sectional study showed a sensitivity of 96% for calprotectin in discriminating between normal subjects (2 mg/l; 95% CI 2-3 mg/l) and those with Crohn's disease (91 mg/l; 95% CI 59-105 mg/l). With a cut oV point of 30 mg/l faecal calprotectin has 100% sensitivity and 97% specificity in discriminating between active Crohn's disease and irritable bowel syndrome.
Ulcerative colitis and Crohn's disease are chronic inflammatory bowel disorders characterised clinically by periods of well being punctuated by episodes of clinical disease activity. The presence of disease in ulcerative colitis and assessment of disease activity is not a major problem and is amenable to sigmoidoscopic visualisation with direct histopathological biopsy examination as the disease is uniform and commences distally. This is not feasible in Crohn's disease because of its variable location and the patchy nature of the inflammation. Clinical 1-3 and laboratory (such as erythrocyte sedimentation rate (ESR), C reactive protein (CRP), 1 antitrypsin, neutrophil elastase, platelet counts [4] [5] [6] [7] ) disease activity scores were devised as possible yardsticks of severity for these patients. 1 These are widely used and easily applied, 1-3 but laboratory tests in particular are at best non-specific, being abnormal in various non-intestinal diseases. 5 In an attempt to overcome some of these problems the technique of 111 indium labelled neutrophils was modified for gastroenterological use. This involves abdominal scintigraphy and four day faecal collection, the latter providing a specific, quantitative, and sensitive measure of intestinal inflammation. [8] [9] [10] [11] [12] Active Crohn's disease (and ulcerative colitis) is characterised by a 10-fold or more increased migration of neutrophils from the circulation to the diseased intestine. 8 9 It was hoped that the technique could be used in the initial assessment of patients where the diVerential diagnosis is between Crohn's disease and the irritable bowel syndrome, a non-inflammatory bowel disease which represents a large part of gastroenterological practice. However, the main drawback of the technique for routine use is that it requires special sterile labelling facilities, is costly (about £300/patient), and involves radiation (8.5-17 millisieverts (mSv)) to a dose equivalent to or greater than a barium enema. Furthermore, there are practical problems with obtaining complete faecal collections over four days. For these reasons the use of the 111 indium neutrophil technique has been limited to only a few research centres.
An alternative approach to assess the presence of intestinal inflammation 13 is to analyse whole gut lavage fluid 14 or better still quantitate protease resistant neutrophil derived proteins such as elastase 15 or lactoferrin 16 17 in stool to maintain the non-invasiveness of the procedure. Calprotectin is one such protein. It is largely confined to neutrophils where it accounts for more than 60% of cytosolic protein. [18] [19] [20] It resists metabolic degradation by intestinal bacteria, being stable in stool for up to one week at room temperature. 18 As it can be measured with ease in faeces it has the potential to be used in a routine screening procedure as an aid to discriminate between normal and inflamed intestines.
A previous study has shown a significant correlation between faecal calprotectin concentration and histological disease activity in colonic biopsies in patients with ulcerative colitis. 20 The validity of faecal calprotectin as a marker of acute inflammation in patients with Crohn's disease, where the inflammation is patchy or inaccessible for biopsy sampling, is however unknown. Our studies had three main objectives: (i) to validate the calprotectin method as a surrogate marker of inflammation by comparing faecal excretion (and single stool concentrations) of calprotectin with faecal excretion of 111 indium white cells in patients with Crohn's disease, (ii) to assess the sensitivity of the method for detecting established Crohn's disease in a cross sectional study, and (iii) to assess in a prospective fashion the sensitivity and specificity of the calprotectin technique in discriminating between normal and Crohn's disease in consecutive patients referred to a gastroenterology outpatient clinic for this purpose.
Subjects and methods
The studies were approved by the local ethics committees at the Iceland University Hospital, Nottingham City Hospital, and King's College Hospital, and were in three parts. The first part validated the calprotectin method by comparing faecal calprotectin excretions in milligrams (one and four days) with excretion of 111 indium white cells over four days. However, for routine use it would be preferable to analyse single stool specimens rather than complete collections. Therefore, we also assessed the correlation between single stool calprotectin concentrations (mg/l) with 111 indium faecal excretions. The second part assessed the sensitivity of single stool faecal calprotectin concentrations in the detection of patients with established Crohn's disease. The third part assessed the potential of single stool faecal calprotectins to distinguish between Crohn's disease and the irritable bowel syndrome in patients specifically referred to a gastroenterological outpatient clinic for this purpose. COMPARISON indium labelling of white cells and individual stools were collected over four days. The four day faecal excretion of 111 indium white cells (percentage of dose of the labelled cells) was correlated with daily and the total four day faecal excretion of calprotectin (mg) and with single stool calprotectin concentrations (mg/l) in the first morning stool sample on the second day of the study. This provided assessment of the day to day variation in calprotectin excretion as well as the variation in calprotectin concentrations in individual stool samples.
A diagnosis of Crohn's disease was made based on standard criteria 21 from a combination of radiological, endoscopic, and histopathological investigations as well as the clinical history. The 22 patients (three of whom were studied twice at least six months apart) had active Crohn's disease (defined as a Harvey-Bradshaw score of 5 or more, which corresponds to a modified Crohn's disease activity index (CDAI) score of over 150, 22 23 or a four point increase or more in the HarveyBradshaw disease activity index from baseline in patients that had undergone intestinal surgery 2 ) and 10 repeated the investigations while in clinical remission following treatment. Table 1 shows the demographic details and characteristics of these patients. Patients with serious coexisting cardiovascular, pulmonary, hepatic, renal, or musculoskeletal disease, severe immune deficiency, malignancy, misusing alcohol, or receiving non-steroidal antiinflammatory drugs were excluded from the study as these conditions may be associated with intestinal inflammation in their own right. 24 25 Also excluded were pregnant women or those at risk of pregnancy and patients with complicated (fistulae, abscesses, or symptomatic intestinal strictures requiring surgery) Crohn's disease.
CROSS SECTIONAL STUDY
One hundred and sixteen patients with established Crohn's disease (separate from the above), using the same diagnostic and exclusion criteria as above, were recruited for the studies. Forty nine (representing about 25% of all patients with Crohn's disease in Iceland) were from the Icelandic study centre and 67 were consecutive patients attending King's College Hospital Gastroenterology Outpatients with active disease or attending for routine follow-up.
Patients underwent documentation of demographic details (table 1) , physical examination, and assessment of clinical disease activity using the Harvey-Bradsaw scoring system 2 (48 also had CDAI measured which is more widely used in America than in Europe, but the two correlate significantly 2 ).
PROSPECTIVE STUDY
We studied 220 consecutive patients, seen between July 1997 and May 1998, referred to a gastroenterology outpatient clinic at King's College Hospital from general practitioners in South London for opinion as to whether they had irritable bowel syndrome or inflammatory bowel disease. None of these patients was included in the above studies. The principal inclusion criteria to this part of the study were that patients had symptoms for at least two months and that at the initial visit to the hospital it was deemed necessary to do an endoscopic and/or intestinal radiological procedure to confirm or exclude inflammatory bowel disease. Therefore, patients with previously diagnosed inflammatory bowel or other intestinal disease were excluded from the study as were those with serious coexisting disease, detailed above in the validation section. Also excluded were patients with intestinal infections (Giardia lamblia, Campylobacter jejuni, Salmonella, Shigella, Yersinia) that were specifically sought for in three faecal samples in patients with diarrhoea at the discretion of the gastroenterologist. Patients with coexisting non-intestinal inflammatory diseases (rheumatoid arthritis, sarcoidosis, infections, etc) that are commonly associated with elevated ESR or CRP were excluded. Also excluded from the study were patients in whom ulcerative colitis was seen on sigmoidoscopy and confirmed on biopsy. The reason for excluding these patients is that they do not normally pose a diagnostic problem and a screening test is therefore unlikely to be required or helpful.
Patient demographic details are shown in table 1. All patients had a full medical history taken with a physical examination. Each patient was evaluated by documentation of the ROME criteria (shown in table 2), which has been suggested as a guide for the clinical diagnosis of irritable bowel syndrome, 26 27 and ESR and CRP were measured as part of routine gastrointestinal investigations. All patients had a full blood count, biochemical screening tests (electrolytes, thyroid, liver, and renal profiles), and sigmoidoscopy.
Small intestinal radiology (small bowel follow through (n=94) or enteroclysis (n=24)) was performed in 118 patients. A barium enema was done in 78 patients. Upper gastrointestinal endoscopy was performed in 57 and colonoscopy in 148 patients. All patients had radiology and/or colonoscopy but the particular investigation and other investigations, such as abdominal ultrasound and CT scans, depended on the patient's symptoms as well as the physician's judgement. Each patient provided a faecal sample for calprotectin estimation within a week of the first visit to the outpatient clinic, which was analysed without knowledge of clinical details. The four gastroenterologists that participated in this part of the study were unaware of the faecal calprotectin result throughout the study.
A diagnosis of Crohn's disease was made on the same basis as that of the other patients with Crohn's disease in this study. 21 The final diagnosis of the irritable bowel syndrome was made on the basis of no significant haematological or biochemical abnormality and normal radiology or endoscopy with biopsy. Other diseases were diagnosed using generally accepted conventional criteria.
INDIUM LABELLED NEUTROPHIL STUDIES
Neutrophils were isolated by sedimentation and centrifugation, and labelled with 111 indium using tropolone as an ionophore, as previously described. 28 Labelling eYciency averaged 88% (range 80-97%). Abdominal scintigrams were obtained at 1-4 hours and 24 hours to establish disease location. After injection of the cells, individual stool collections were made into plastic containers over a four day period for estimation of 111 indium activity and calprotectin. Each sample was counted in a high resolution bulk sample counter together with standards for 20-60 seconds, which permits measurement of less than 0.01% of the injected dose with a counting accuracy of ±4%. The normal range of faecal excretion of 111 indium over four days (median 0.41%, 95% confidence interval (CI) 0.22-0.81%, with an upper limit (+2SD) of 0.98%) had been established previously in 22 healthy subjects (mean age 38 years (range 20-65)). 28 Assuming that an 11 MBq dose of 111 indium labelled neutrophils is injected into the patient, the estimated radia- Abdominal pain or discomfort (1) Relieved by defecation (2) Associated with a change in frequency of stool (3) Associated with a change in consistency of stool Two or more of the following, at least on 25% of occasions or days
(1) Altered stool frequency: more than 3 bowel movements/day or less than 3 bowel movements/week (2) Altered stool form (lumpy/hard or loose/watery) (3) Altered stool passage (straining/urgency/feeling of incomplete evacuation) (4) Passage of mucus (5) Bloating or feeling of abdominal distension tion dose received is 8.5 mSv (eVective dose equivalent).
CALPROTECTIN MEASUREMENT
On completion of 111 indium counting, or on receiving the specimens from subjects in the cross sectional and prospective studies, stools were weighed and a proportion was frozen and stored at −20°C. After thawing, 5 g aliquots were suspended in extraction buVer and calprotectin levels were quantitated using an ELISA method as previously described. 18 The normal range of faecal calprotectin excretion and concentration was established in 56 healthy subjects (31 males, 25 females, mean age 41 years (range 18-77); 21 from Iceland and 35 from King's) during the study. Normal median daily faecal excretion of calprotectin is 0.9 mg with an upper limit (+2SD) of 3 mg. Median calprotectin concentrations were 2 mg/l (95% CI 2-3 mg/l) with an upper limit (+2SD) of 10 mg/l. The within assay coeYcient of variation was 1.2% and between assay variation 15%.
STATISTICS
Statistical analysis was performed using Analyse-It medical statistics addition to Microsoft Excel. A "Shapiro-Wilks W" prime test showed that the four day faecal excretion of 111 indium and faecal calprotectin concentrations from controls were normally distributed while most of the other data were not. Values are therefore presented as median and 95% confidence intervals (CI). The upper normal limits for the four day faecal excretion of 111 indium and calprotectin (excretion and concentrations) were defined as mean+2SD. The Mann-Whitney test was used to assess diVerences in laboratory parameters between groups and Spearman's correlation coeYcient was used to assess correlations. Receiver operating characteristics (sensitivity and specificity) were assessed by curve analysis as described by Henderson. indium neutrophils and single stool calprotectin concentrations correlated significantly (r=0.70; p<0.001). The median coeYcient of variation in calprotectin concentrations in the first morning stool over the four days was 54% (95% CI 21%-94%) with the greatest variability at the lower concentrations.
CROSS SECTIONAL STUDY
There were no significant diVerences in demographic details between patients in Iceland and the UK. Figure 2 shows that faecal calprotectin concentrations from 116 patients with Crohn's disease (91 mg/l; 95% CI 59-105 mg/l) diVered significantly (p<0.0001) from controls (2 mg/l; 95% CI 2-3 mg/l). Only four (3.4%) patients with Crohn's disease had calprotectin concentrations within the normal range. These were patients that had undergone multiple intestinal resections. CDAI (median 177; 95% CI 42-311) correlated significantly (r=0.88, p<0.0001) with the Harvey-Bradshaw activity score, but there was only a weak correlation between these indices (r=0.46 and r=0.42, p=0.04) and faecal calprotectin concentrations in the 48 patients where all three parameters were studied.
Figure 1 (A) Four day faecal excretion of 111 indium labelled white cells (% dose) plotted against four day faecal excretion (mg) of calprotectin (r=0.80, p<0.001). (B) Four day faecal excretion of
The median Harvey-Bradshaw clinical activity score was 5.0 (95% CI 4-15) in the 116 patients, which similarly correlated significantly, but weakly (r=0.37; p<0.05), with faecal calprotectin concentrations. Patients (n=41) with clinically active Crohn's disease (Harvey-Bradshaw score of 5 or more or a four point increase from baseline in patients having undergone intestinal resection) had significantly higher (p<0.001) faecal calprotectin concentrations (median 165 mg/l; 95% CI 96-362 mg/l) than those with quiescent disease (median 87 mg/l; 95% CI 26-213 mg/l) defined in this way. PROSPECTIVE 
STUDY
Of the 220 consecutive subjects referred to the gastroenterology outpatient services, the final diagnosis was Crohn's disease in 31 (eight colonic, 16 ileal or small bowel, and seven ileocaecal), irritable bowel syndrome in 159, and miscellaneous in 30 (microscopic colitis (n=6), diverticulosis/diverticulitis (n=19), and colonic cancer/adenomatous polyps (n=2 and n=3, respectively)). Demographic details are shown in table 1. Patients in the miscellaneous group were significantly older that the other patients in this study and there were significantly more women in the irritable bowel group than in the other groups. Figure 3 shows that all patients with Crohn's disease had increased faecal calprotectin concentrations (median 135 mg/l; 95% CI 105-229 mg/l) which diVered significantly (p<0.0001) from normal controls, patients with irritable bowel syndrome (4 mg/l; 95% CI 3-5 mg/l), and the miscellaneous group (20 mg/l; 95% CI 7-28 mg/l). Patients with the irritable bowel syndrome and the miscellaneous group had significantly (p=0.0004 and p<0.0001, respectively) higher faecal calprotectin concentrations than normal controls (2 mg/l; 95% CI 2-3 mg/l).
Median ESR in patients with Crohn's disease (23 mm/h; 95% CI 10-45 mm/h) was significantly (p<0.0001) higher than that in patients with the irritable bowel syndrome (6 mm/h; 95% CI 6-8 mm/h) but not (p=0.24) in the miscellaneous group (median 11 mg/l; 95% CI 8-44 mm/h). The diVerence in ESR between patients in the miscellaneous group and those with the irritable bowel syndrome was significant (p=0.0004). Figure 4 shows CRP values. Median CRP levels in patients with Crohn's disease (10 mg/l; 95% CI 3-30 mg/l) were significantly higher than those in patients with the irritable bowel syndrome (3 mg/l; 95% CI 3-3 mg/l; p<0.0001), and the miscellaneous group (3 mg/l; 95% CI 3-7 mg/l; p=0.039) but there was no significant diVerence (p>0.2) between patients with irritable bowel syndrome and the miscellaneous group.
Six (19%) of 31 patients with Crohn's disease, 121 (76%) of 159 with the irritable bowel syndrome, and eight (27%) of the miscellaneous group fulfilled the ROME criteria for irritable bowel syndrome.
All six patients in the miscellaneous group with microscopic colitis, nine of 19 with diverticulosis/diverticulitis (the study did not allow reliable discrimination between the two), both of the colonic cancer, and two of three patients with adenomatous colonic polyps had increased faecal calprotectin concentrations (above 10 mg/l).
The sensitivity and specificity of faecal calprotectin, ESR, and CRP in discriminating between Crohn's disease (analysed separately and together with the miscellaneous group) and irritable bowel syndrome is shown in fig 5. At a cut oV point of 30 mg/l, faecal calprotectin had 100% sensitivity and 97% specificity in discriminating between active Crohn's disease and the irritable bowel syndrome. Twenty seven patients (17%) with irritable bowel syndrome had calprotectin concentrations exceeding the upper normal reference value of 10 mg/l. Receiver operating curve analysis showed that setting an arbitrary upper limit of normal of 15 mg/l, only 13 (8% false positive rate) patients with the irritable bowel syndrome had increased calprotectin levels.
Discussion
Abdominal scintigraphy following injection of labelled white cells can be used to indicate the presence, location, and extent of intestinal inflammatory bowel disease 8 9 11 and measurement of four day faecal excretion of 111 indium provides a direct quantitative measure of intestinal inflammation. 8-11 28 30 31 The technique is specific for inflammation rather than classic inflammatory bowel disease, as abnormalities are found in various other intestinal inflammatory diseases, 24 32-34 including colonic malignancy. 35 However, it is usually a simple matter to distinguish between these inflammatory conditions and active classical inflammatory bowel disease as the former are associated with a modest 3-8-fold increase in excretion of white cells while there is a 15-50-fold increase in the latter.
The validity of an inflammatory index, such as faecal calprotectin, is its ability to reflect truly the degree of intestinal inflammation. Without a proven reference or gold standard for this measure in Crohn's disease, we compared the method with that of the 111 indium white cell technique which is an extensively validated surrogate marker of intestinal inflammation.
8-11 28 30 31 There was a significant correlation between faecal excretion of 111 indium labelled white cells and calprotectin in patients with Crohn's disease. This correlation was largely maintained when single morning stool calprotectin concentrations were used as opposed to complete one or four day collections. However, this simplification of the test, which is desirable if the technique is to be used as a routine test, is at the cost of reproducibility. The coeYcient of variation between daily faecal excretion of calprotectin (29%) is comparable with that of other faecal markers such as elastase 1 (15%) and chymotrypsin (30%) 36 and is probably due to diVerences in the uniformity, number, and weight of daily bowel openings as well as the slightly uneven distribution of the markers in faeces. 18 The coeYcient of variation for calprotectin concentrations is somewhat higher (54%), presumably as this measure is also dependent on stool volume and hydration. This may not be an important drawback of the technique when used in patients with active inflammatory bowel disease as stool volumes are usually increased by less than threefold while calprotectin concentrations are often increased 10-fold or more. Nevertheless, if intestinal inflammation is low grade or associated with very high volume diarrhoea (acquired immunodeficiency syndrome), a single stool sample may underestimate the severity of the inflammation.
Having shown an acceptable correlation between calprotectin concentrations and four day faecal excretion of 111 indium white cells, the former was shown to discriminate between normals and 96% of patients with Crohn's disease in a conventional cross sectional study. This is a higher detection rate than is reported with other non-invasive tests apart perhaps from the four day faecal excretion of 111 indium white cells (reviewed by Hodgson 5 ). In comparison, other non-invasive procedures for identifying Crohn's disease, such as measurement of intestinal permeability, faecal lysozyme, and non-specific laboratory indices of inflammation (platelet counts, ESR, and CRP), are abnormal in 20-80% of patients with active disease 5 25 37 38 and considerably lower in quiescent disease.
There was a significant, albeit weak, correlation between calprotectin concentrations and the two clinical disease activity indexes in the cross sectional study. The lack of a stronger association is not altogether unexpected as the clinical disease activity scores are largely a composite of quantitative subjective symptoms that are aVected by non-inflammatory processes such as fibrous strictures, fistulas, previous surgery (44% of our patients had undergone intestinal resection), etc. 39 Such findings have suggested that the inflammatory response (excretion of neutrophils) is dependent on the extent of the disease as well as the severity of the inflammation. Furthermore, the cause of symptoms in Crohn's disease is multifactorial. 3 Regardless of how sensitive the calprotectin technique may be in the detection of patients with previously diagnosed Crohn's disease, its potential use in identifying patients with Crohn's disease and discriminating between them and those with non-inflammatory conditions in a realistic outpatient setting requires study.
However, similar to the 111 indium white cell technique, the calprotectin method is not specific for inflammatory bowel disease but detects intestinal inflammation due to a variety of causes. 19 43 44 In planning the present study one possibility was to use the method to distinguish between any "intestinal inflammatory condition" and the irritable bowel syndrome in an indiscriminate way. This would have required standardised, inflexible, and complete gastrointestinal investigations (including endoscopy and colonoscopy in all subjects) which was impractical as it would have involved a number of invasive investigations that might not otherwise have been indicated. As a compromise we confined the study to a subgroup of patients where the principal diVerential diagnosis was between Crohn's disease and the irritable bowel syndrome. This distinction is a familiar problem for general practitioners and this patient group represents a sizeable proportion of gastroenterological referrals 45 ; the irritable bowel syndrome being a non-inflammatory intestinal disease aVecting 6-20% of the western population 26 with symptoms often mimicking those of Crohn's disease. The ROME criteria, a consensus definition proposed as an aid to enable a positive diagnosis of the irritable bowel syndrome, is widely used but in clinical practice the diagnosis of irritable bowel syndrome remains, by and large, by exclusion of other diseases. 26 There is, however, a dilemma over how aggressively patients should be investigated before this diagnosis is made and the cost eVectiveness of the investigation. 45 At present there is no single, simple, and/or specific screening test to discriminate these patients from those with Crohn's disease, many clinicians opting for laboratory screening (ESR, CRP, platelets, full blood count, etc.) before more invasive tests are undertaken. However, a normal "screen" is not conclusive evidence of absence of Crohn's disease and the tests lack specificity for intestinal disease. 5 Many patients, therefore, undergo extensive and invasive investigations before the diagnosis is made.
To mimic a realistic clinical situation, we excluded (from analysis and inclusion in this study) patients in whom a diagnosis (ulcerative colitis) was made by simple sigmoidoscopic examination and biopsy, even though faecal calprotectin concentrations are almost invariably raised in these patients. 20 We also excluded patients who had established extraintestinal diseases that are often associated with raised ESR or CRP, thus biasing the results in their favour. Receiver operating curve analysis of faecal calprotectin concentrations under these circumstances showed that a cut oV point of 30 mg/l for calprotectin had 100% sensitivity and 97% specificity for discriminating between Crohn's disease and the irritable bowel syndrome. This was significantly better than that obtained with ESR or CRP. Similar prospective studies have not been reported with other faecal markers of intestinal inflammation or with labelled white cells.
Patients in the miscellaneous group had significant pathologies which would be desirable to detect in any screening programme. Including the miscellaneous group with the Crohn's disease group resulted in somewhat lower sensitivity and specificity for faecal calprotectins as just over 50% of patients with diverticulosis/ diverticulitis had normal results. However, the faecal calprotectin test detected the majority of patients with significant gastrointestinal disease using a cut oV point of 13-15 mg/l. Using these cut oVs, 23 (14%) and 13 (8%) patients with the irritable bowel syndrome would have undergone invasive investigations, respectively, but this needs to be viewed in the context that the whole group was deemed to require such investigations at the start of the study. Furthermore, although it is desirable to have a method that discriminates eVectively between patients with Crohn's disease and the irritable bowel syndrome, it is noticeable that the irritable bowel syndrome group had significantly higher median calprotectin concentrations in stool, with 17% having values above the upper normal limit (10 mg/l). This may suggest that a proportion of patients with the irritable bowel syndrome have intestinal disease (such as bacterial or viral infections, small bowel inflammation, etc.) that are not detected by conventional routine investigation. Our somewhat limited work up for intestinal infections, although probably representative of many gastroentero-
